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Circuit Construction

Template circuit:

Rs

Rl

evolved
circuit

vs

input node output node

Set of selectable components:

parts bins

CLR

wireT
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Circuit Construction

E�ect of placing a resistor with move-to-new instruction:

active
node

R

result of move-to-new instruction

active
nodecircuit 

under
construction

circuit 
under

construction

E�ect of placing a resistor cast-to-ground instruction:

active
node

active
node

result of cast-to-ground instruction

circuit 
under

construction

circuit 
under

construction R
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Incorporating Transistors

Transistors are of great importance in analog (current gain)

and digital (switch) integrated circuits

Bipolar junction transistor symbols: npn and pnp

(a) (b)

collector

base

emitter

collector

base

emitter

But because they have three terminals, they would

introduce branching into the cc-bot technique and would

necessitate more \repair" operations (which might not be a

drawback)
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'
&

$
%

Incorporating Transistors

Our present treatment of transistors:

we hardware the third terminal to one of the

following pre-existing circuit nodes: ground, power

supply (positive or negative), input, output, the

previously placed node, or even to itself

Put another way: devices with three terminals are treated

as two terminal devices by having a �xed connection at the

third terminal

(a) (b)

incoming outgoing incoming outgoing

fixed

slide 9
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Circuit Evaluation

SPICE
circuit

simulation
decode

bytecodes

netlist

fitness
calculation

Master/slave parallel GA used since circuit simulations are

compute intensive

simulationsimulationsimulation

GA
controller

simulation
input

fitness
score

host workstation

workstation 1 workstation 2 workstation n

slide 12
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Low-pass Filter Design Problems

a circuit with de-

sirable input/output

specs:

frequency

dB

Kp

fp fs

Ks

passband stopband

fc

GA parameters: max ckt size = 100 components,

pop size = 12K-18K, max gens = 500, xover = 0.8

mut = 0.2
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' &

$ %

F
it
n
e
s
s
F
u
n
c
t
io
n

F
it
n
e
s
s
c
a
lc
u
la
t
io
n
:

�

c
o
m
p
u
t
e
d
o
v
e
r
5
0
-1
0
0
p
o
in
t
s
(
lo
g
-s
c
a
le
d
fr
e
q
u
e
n
c
y
)

�

a
b
s
o
lu
t
e
v
a
lu
e
o
f
t
h
e
d
i�
e
re
n
c
e
o
f
t
h
e
in
d
iv
id
u
a
l'
s

o
u
t
p
u
t
a
n
d
t
h
e
t
a
rg
e
t
o
u
t
p
u
t

�

e
rr
o
r
v
a
lu
e
s
w
e
re
s
u
m
m
e
d
a
c
ro
s
s
e
v
a
lu
a
t
io
n
p
o
in
t
s

s
li
d
e
1
6



' &

$ %

E
v
o
lv
e
d

S
t
e
t
h
o
s
c
o
p
e

C
ir
c
u
it

E
v
o
lv
e
d
lo
w
-p
a
s
s
�
lt
e
r
fo
r
u
s
e
in
e
le
c
t
ro
n
ic
s
t
e
t
h
o
s
c
o
p
e
:

R
1

1

+ -
5V

V
1

C
1

0.
00

01
62

67
1.

89
73

R
3

R
L

10
00

00
00

0M

5.
80

64
89

R
2

F
re
q
u
e
n
c
y
re
s
p
o
n
s
e
:

0

0.
51

1.
52

2.
53

3.
54

4.
55

1
10

10
0

10
00

10
00

0

Volts

F
re

qu
en

cy

T
ar

ge
t

O
ut

pu
t

s
li
d
e
1
7



' &

$ %

E
v
o
lv
e
d

3
r
d
-
O
r
d
e
r
B
u
t
t
e
r
w
o
r
t
h

L
o
w
p
a
s
s
F
il
t
e
r

C
2

3.
02

45
E

-7

0.
16

88
6

L4
R

s
1K

+ -
2V

V
1

C
1

0.
00

00
78

0.
77

63
7L2

L5

0.
50

17
6

0.
28

83
8

L1

1KR
L

1.
14

99
1

L3

F
re
q
u
e
n
c
y
re
s
p
o
n
s
e
:

f
p

=

9
2
5

H
z

K
p

=

3
:0
d
B

f
s

=

3
2
0
0

H
z

K
s

=

2
2
:0
d
B

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
91

1
10

10
0

10
00

10
00

0
10

00
00

Volts

F
re

qu
en

cy
 (

H
z)

K
p=

3.
01

 d
B

K
s=

22
 d

B

s
li
d
e
1
8



' &

$ %

M

o
r
e

D
i�

c
u
lt
L
o
w
p
a
s
s
F
il
t
e
r

E
x
p
e
ri
m
e
n
t
t
o
e
v
o
lv
e
m
o
re
d
i�
c
u
lt
lo
w
-p
a
s
s
�
lt
e
r:

f
p

=

1
0
0
0

H
z
a
n
d
f
s

=

2
0
0
0

H
z

C
o
m
p
a
ri
s
o
n
t
o
tw
o
o
t
h
e
r
s
t
u
d
ie
s
:

C
o
m
p
o
n
e
n
t
s

K

p

(
d
B
)

K

s

(
d
B
)

K
o
z
a
,
e
t
a
l
1
9
9
6

L
C

0
.3

6
0
.0

Z
e
b
u
lu
m
,
e
t
a
l,
1
9
9
8

R
L
C

1
.6

2
4
.8

L
o
h
n
,
e
t
a
l,
1
9
9
8

R
L
C

0
.0
1

6
3
.5

s
li
d
e
1
9



' &

$ %

M

o
r
e

D
i�

c
u
lt
L
o
w
p
a
s
s
F
il
t
e
r

E
v
o
lv
e
d
c
ir
c
u
it
:

L3

7.
71

31
00

e-
01

C
4

2.
51

95
09

e-
05

C
6

1.
26

18
44

e-
04

1.
01

76
96

e-
03

L6

1.
08

37
01

e-
04

C
1

2.
00

83
57

e-
01

L4

0.
25

53
66

62

L1
1

0.
65

92
57

L8
R

5

1u
0.

22
13

06
46

L1
3

R
3

1u

1.
04

81
00

e-
07

C
5

R
1

1.
04

27
09

e+
04

9.
86

27
69

e-
05

C
3

2.
44

95
00

e-
07

C
7

2.
50

63
00

e-
07

C
8

1.
25

64
00

e-
07C
9

2.
14

71
89

e-
01

L1
5.

28
57

80
e-

03

L2

R
S

1k

+ -
2vV
S

C
2

3.
54

75
81

e-
05

R
2

3.
64

86
45

e+
04

1k
R

L

L9

3.
30

06
94

e-
01

1uR
6

L5

2.
11

32
17

e-
01

0

V

2
6

7
8

9
10

3
1

s
li
d
e
2
0



'
&

$
%

More Di�cult Lowpass Filter
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75 dB Ampli�er

Circuit schematic of evolved 75 dB ampli�er
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75 dB Ampli�er

DC transfer characteristic of 75 dB ampli�er
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85 dB Ampli�er

Circuit schematic of evolved 85 dB ampli�er
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85 dB Ampli�er

DC transfer characteristic of 85 dB ampli�er
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